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Example Data Reduction for Capacitors:
A Capacitor is an electronic device that can store energy between a pair of conductors as it is widely used in electrical circuits. As opposite charges accumulate on the pair of conductors of a capacitor, a voltage develops across the capacitor owing to the electric field of these charges. The farad (SI unit, F) is used to measure the amount of charge between two conductors and is shown as Equation A1.1
where C is capacitance, q is charge in coulombs, V is the voltage across the capacitor, A is current in amperes, and s time in seconds is second.
The energy stored in a capacitor can be estimated by the capacitance and the voltage in the circuit. It is equal to the amount of work required to establish the voltage across the capacitor [A1.31 and A1.37]. The energy stored is represented by following equation.
where C is capacitance of the capacitor, and W is power of the capacitor.
Therefore the energy stored in a capacitor is a product of power and time as shown in Equation A1.2. References 30-37 use these to calculate the performance and cost data have been collected in order to measuring the technological progress of energy storage in the 
which is also shown in Table A1 .2. 
Data Reduction Examples:
As electrical power is increased, the loss of electric energy per distance increases and the economic transmission length is thereby shortened. In order to reduce the losses during transmission of electric energy, the transmission voltage can be increased. Figure A2.1b) . The parabola is easily solved for the maximum possible Powered Distance and this is reported in the latter part of Table A2 .1 and in Figure A2 .1 (in both cases the resulting data is labeled as estimates). As shown in figure A2 .1, the maximum power and distance can be estimated at each transmission voltage. The estimated data are shown in table A2.1 and plotted in Figure 3a . The construction cost data are derived from the statistical year book of the Edison Electric Institute. The cost data in that book are for total construction cost per each year where the construction cost is a sum of cost which is used at various transmission voltage levels. The data includes line length at each voltage level for each year but not cost for specific voltages. Thus, we investigated the relationship between the construction cost and transmission voltage in order to estimate the construction cost at each transmission voltage. As the transmission voltage is increased, Figure A2 .2 shows that the construction cost per unit length of the line also roughly proportionally increases. This relationship was used to estimate the cost per length of line at given voltages using the following analysis:
Transmission Voltage (KV) where the n is the number of the transmission voltages Because the C i can be represented by a relationship between the cost per unit length and transmission voltage as a linear equation (Figure A2 .2),: The scatter graph indicates that γ has increased since 1927 through the end of the 1990s. We fit this data to a regression equation which we use to calculate γ for times shown and by extrapolation to earlier dates. Since 2 r for the regression fit is only 0.54, these estimates have considerably higher uncertainty than other data in this paper as noted in the text. Once we have an estimate for γ, we can easily calculate Ci ($/km) using Equation A2.3 -the construction cost at specific transmission voltages. Since we already know the distance of transmission line from actual data and estimation (figure A2.1), we can easily estimate the construction cost at specific transmission voltage for a specific year. C i ($/km) from Equation A2.3 is multiplied by the transmission distance. Since the early 1950s, HVDC (High Voltage Direct Current) technology that is advantageous for long distance and high transmission capacity has been developed, and it has now emerged as one of the major electrical transmission technologies. The construction cost per unit length of HVDC is known relative to the construction cost per unit length of HVAC. The construction cost per unit length is estimated using the ratio of the cost rate of HVAC and HVDC at each transmission distance [A2.14, A2.28, A2.29]. In the construction cost comparison of HVAC and HVDC, there is break-even point -the construction cost becomes the same between HVAC and HVDC-at around 600-800km [A2.28]. The initial construction cost of HVDC is higher than the cost of HVAC, but it more slowly increases with length. Beyond the break-even point, HVAC construction costs are higher than HVDC construction costs. For the points at maximum Powered distance, the cost (and powered distance) of HVDC are now superior to HVAC. 
